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I INTRODUCTION 
Cran'Derries are an important agricultural crop in 
Massachusetts. Hall (1942) stated that the 1942 crop was 
785,000 "barrels of which Massachusetts is accorded 525,000 
"barrels. The harvesting season is in September and October. 
The portion of the crop destined for the fresh market is placed 
in cold storage. The remainder is either frozen for later use, 
canned into cranberry sauce, or dehydrated. Due to the war 
tin is limited, and additional storage space for frozen cran¬ 
berries is impossible to obtain as it is being used for other 
produce. The demand for dehydrated cranberries is increasing. 
A large portion of the dried production is in the form of 
a whole cranberry. The temperature, time, and relative humidity 
of dehydration which will give the best product is not known. 
Only limited knowledge is available on the vitamin C retention 
of the dehydrated cranberry. 
Another restriction is the use of tin in the mushroom 
industry. Over forty million pounds of mushrooms are picked an¬ 
nually. They are an extremely perishable product and some means 
of preservation is necessary to prevent the loss of that portion 
of the crop not used by the fresh market and canning. 
Two methods which might be employed are dehydration and 
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quick freezing. Commercial dehydration as carried on in Europe 
indicate that dehydration is a feasible method of preservation. 
Mushrooms are not commercially dehydrated in this country. 
Quick freezing has been tried in this country on a small 
commercial scale, but was not a commercial success. If a suc¬ 
cessful method of freezing, storing, and marketing mushrooms 
could be developed, disposal of the crop by this method would not 
require the use of tin or other critical materials. The freez¬ 
ing plants now in operation could handle the crop because mush¬ 
rooms are grown during the winter months when other crops are not 
produced. 
Little is known about the effect of dehydration, quick 
freezing and storage on the thiamin, riboflavin, and nicotinic 
acid content of mushrooms. 
The purpose of this investigation was to find suitable 
methods of treatment prior to the dehydration and freezing pro¬ 
cesses, and the correct time, temperature, and relative humidity 
for the dehydration of cranberries and mushrooms. The loss of 
vitamin C content of cranberries, and the loss of thiamin, ribo¬ 
flavin, and nicotinic acid in mushrooms caused by dehydrating, 
freezing and storage was studied. 
Other means of dehydrating the cranberries and mushrooms, 
such as spray drying and drum drying were not investigated.. 
REVIEW OF LITERATURE 
Dehydration of Cranberries. 
The literature found on the dehydration of whole or sliced 
cranberries and the methods of treatment prior to drying was ex¬ 
tremely meager. 
Isham and Fellers (1933) reported that commercially dehy¬ 
drated whole cranberries, called 11 evaporated" by the trade, were 
pricked twenty to thirty times with needles to allow the escape 
of moisture. These authors dried the cranberries for eight to 
twelve hours at 120° to 150° F in forced draught dryers. The 
moisture level was normally below five percent. This process 
yielded ten pounds of dried product for every 100 pounds of 
fresh cranberries. 
The method being used by the J. D. Makepiece, Wareham, Mass., 
to dehydrate the cranberries is to puncture the whole cranberries 
and dehydrate them at 175° F in a .tunnel type dehydrator. The 
hot air blast is forced from each side at the top of the dehydra¬ 
tor and a suction fan placed at the bottom center of the dehydra¬ 
tor removes the air. The dehydration time used is twelve hours. 
Eo effort is made to control the humidity. (Personal communication 
1942). 
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Other methods of dehydration are used to dehydrate cranber¬ 
ries. Isham and Fellers (1933) described the dehydration of cranber¬ 
ries to cranberry film. Mu.rri and Kudyaotzeva (1934) described the 
dehydration of cranberries in a vacuum. 
Isham and Fellers (1933) reported that the dehydration process 
destroyed practically all the vitamin C. Bogoluibova (1931) reported 
this when she stated that dried or fermented cranberries lost their 
vitamin C potency. The cranberry film method is used by the Colley- 
Cranberry Company, Plymouth, Mass., in which the cranberries are 
boiled and then dried in a thin film on a drum dehydrator. 
Dehydration of Mushroom and Vitamin Retention. 
The•dehydration of mushrooms has been carried on in Europe and 
in the Orient for many years. Male and Hannum (1935) reported that 
there were 455,791 pounds of dried mushrooms imported into the United 
States from Europe in 1934. The type of mushroom imported was not the 
same as is commercially grown in the United States, but the name was 
not given. Herrmann (1919) reported the dehydration of the wild Euro¬ 
pean mushrooms. His work consisted of sun-drying the mushroom. 
Lambert (1941) reported that mushrooms could be successfully 
dried by being placed on trays and having a rapid current of warm air 
pass over them. The temperature of the mushrooms should be raised to 
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150° F for a few hours during the drying to kill all the insects which 
might he infesting the mushrooms. He reported that thoroughly dry 
mushrooms could he kept for several years in good condition if they 
were kept free from insects, and not subjected to moisture or high 
humidity. 
Cruess and Mrak (1942) give directions for the dehydration of 
mushrooms, and report that mushrooms should he blanched hv steaming far five 
to ten minutes and should not he dried above 150° F. They stated 
that unblanched mushrooms were more attractive, but that they were in¬ 
ferior in flavor. 
Chace (1942) andDavis, Fidt, hacArthur, and Strachan (1942) 
i 
reported excessive loss of water soluble vitamins in a hot water blanch 
as compared to the greatly smaller loss in a steam blanch of vegetables 
to be dehydrated. Davis, Sidt, MacArthur and Strachan (1942) reported 
also that the loss of vitamin and riboflavin in potatoes during 
blanching and dehydration have been occasionally nil and generally 
did not exceed fifteen percent. 
Farrel and Fellers (1942) stated that blanching was of the 
utmost importance in the conservation of vitamins, and that dehy¬ 
drated green snap beans lost little of their thiamin and reboflavin 
even on long storage. 
Anderson (1942) reported that mushrooms that were dehydrated 
-fi¬ 
at 135° F "but not "blanched contained eleven micrograms per gram of 
thiamin, forty-eight micrograms per gram of dried mushrooms of ribo¬ 
flavin, and five hundredforty micrograms per gram of nicotinic acid. 
There were no results or literature found on the loss of 
thiamin, riboflavin, or nicotinic acid in dehydrated mushrooms, 
either in the dehydration process or on storage. 
Quick Freezing of Mushrooms and Vitamin Retention. 
Tressler (1932) reported that mushrooms contain catalase 
and other oxidizing enzymes which must be inactivated. The darken¬ 
ing of mushrooms because of the oxidizing enzyme could be used as a 
criterion to determine whether the product has been sufficiently 
blanched. 
Diehl, Pentzer, Berry, and As bury (1934) and Diehl, V«rei- 
gand, and Berry (1937) reported that mushrooms should be scalded in 
boiling water, buttons or small size requiring two minutes and large 
mushrooms three or four minutes. Prompt and rapid cooling after 
scalding is desirable in order to retain the color of the product. 
The packing of the mushrooms in a two percent brine sufficient to 
cover the product would prevent oxidation. 
Smart (1934) recommended blanching the mushrooms with steam 
instead of hot water. She also found that frozen mushrooms would keep 
best in a two percent sugar solution. Von Loesecke (1942) also stated 
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that mushrooms should he blanched in steam for 2 to 4 minutes 
according to the size of the buttons. Packing is usually in cans 
if a 2 percent brine is used. Sugar is occasionally utilized 
instead of brine. 
Tressler and Evers (1943) reported that buttons should be 
steamed 105 seconds and large mushrooms 3 to 4 minutes, blanched 
mushrooms should be cooled in a 1 percent citric acid solution and 
then cold water. The mushrooms should be drained 15 to 20 minutes, 
packed in moisture proof packages and frozen. 
There was no literature found on the vitamin or 
nicotinic acid (ipacin) loss of quick frozen mushrooms on blanching, 
freezing, and storage. 
The Dehydrator. 
The dehydrator used for the dehydration of the cranberries 
and mushrooms was of the cabinet type. It was built by C. I. Gun- 
ness, Professor of Engineering, Massachusetts State College. The 
dehydrator is described by Davis, Esselen and Griffiths (1942). 
The dehydrator had six wire trays, each 25 3/4 by 18 l/4 inches, and 
a load capacity of 18 to 20 lbs. The cabinet was equipped with 
temperature, humidity and air speed controls. The dehydrator had 
a fan which recirculated the air, which was forced through as well 
as over the trays. 
Photographs of the dehydrator are shown on the following 
pages. 
Plate I. Front viev/ of cabinet dehydrator 
Rear view of cabinet dehydrator 
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Cranberry Puncher 
In the commercial dehydration of whole cranberries a 
machine is employed to puncture the fruit. The device has two 
rollers whose surfaces are covered with steel points long 
enough to penetrate to the center of a cranberry. The cran¬ 
berries pass between the rollers and are punctured from ten to 
twenty times. A small model of this machine was constructed to 
puncture the whole cranberries used in this investigation. The 
rollers were run by a belt drive so devised as to make the rollers 
turn toward each other. The model was built by C. I. Gunness, 
Professor of Engineering, Massachusetts State College. 
Photographs of the cranberry puncher are shown on the 
following pages. 
Determination of the Moisture Content of 
Cranberries and Mushrooms. 
All moisture determinations were made by the immiscible 
solvent distillation method. The dried product was ground up in 
a mortar for four to five minutes. An exact weight of powder close 
to 20 grams was placed in a flask, covered with toluene and dis¬ 
tilled over to a Bidwell Stirling receiver. The distillation was 
run for three hours. 
The method is described by Jacobs (1938). 
Plate III. Side viev; of cranberry puncher. 
Plate IV. Eront vievz of cranberry puncher 
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EXPERIMEUTAL METHODS AMD RESULTS 
Cranberries 
Raw Materials 
The two varieties of the American cultivated cranberry, 
Vaccinium macrocarpon, used in this investigation were the Early 
Black and the Howe. In the determinations samples of each variety 
were employed. 
Dehydration of Cranberries 
Determination of the optimum time, temperature, and humidity for 
dehydration. 
Method 
Sliced and punctured cranberries were dehydrated at tempera¬ 
tures ranging from 140° F to 185° F (60° to 85° C) at five degree 
intervals. 
The berries were dried until the moisture content was five 
percent or less. 
The optimum dehydration temperature was considered to be the 
most rapid drying time which did not cause harmful effects on the 
appearance and taste of the berries. Other series of tests were 
made with variations in humidity using the optimum temperature. 
Humidities of approximately fifteen, twenty-five, and thirty-five 
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percent were used. The humidity was controlled by opening or 
closing the air outlet at the top of the dehydrator. The factors 
of load, the amount of air entering the dehydrator, and the humidity 
of that air all tended to give fluctuations in the relative humidity 
of the air in the dehydrator. 
Results 
The optimum temperature (in this dehydrator for the drying of 
cranberries) was found to he 170° F (76.6°C). At this temperature 
the dehydration period was from ten and one-half to eleven hours for 
Doth varieties of whole punctured cranberries. Sliced cranberries 
required seven and one-half to eight hours. The results are shown in 
table 1 for the dehydration time at the various temperatures. Table 
1 also shows the period of time the heating units were on for those 
particular dehydration times. 
The optimum humidity was determined to be the lowest obtain¬ 
able which was approximately fifteen percent relative humidity. The 
dehydration time increased with an increase in humidity without any 
apparent effect on the product. 
Table 2 shows the increase in dehydration time with the in¬ 
crease in humidity. 
The humidity was not constant. When the berries were placed 
in the dehydrator the humidity increased rapidly until it reached a 
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Table 2. Effect of humidity on the dehydration of 
cranberries 
Temperature of Dehydration 170°F C 
Time (Hours) 
Punctured 
4 
Sliced 
Percent 
Humidity 
Early Black Howe Early Black Howe 
15 10.5 11 7.5 - 8 7.5 - , 
25 13 13.25 10 10 
55 15 15.25 11.5 11.5 
-li¬ 
ma ximim. It remained at this maximum from fifteen to thirty 
minutes and then dropped off rapidly. The relative humidity 
reached its low point at the end of the dehydration period. After 
that it would not decrease any further. Graphs 1 and 2 show the 
air humidities for sliced and punctured cranberries as they de¬ 
creased to controlled humidities of 15, 25 and 25 percent. 
Methods of Pretreatment 
Preparation of Samples for Dehydration 
Kethcd 
The cranberries were pretreated 'ey several methods in order 
to accelerate the rate of dehydration. Ihe methods employed were: 
(1) The use of a cranberry puncher to puncture the skin; 
(2) slicing tne cranberries in half; 
(2) blanching; 
(4) and the use of different solutions and solvents to remove 
the waxy protective covering of the berry end to "check" the skin. 
"Checking" is the name for any process for making minute openings in 
the skin to allow the free escape of moisture. 
Pne solutions used to "cneck'* 1 2 * 4 the skins were; 
a) one, three, and five percent sodium carbonate dips; 
(2) one, three and five percent hot lye dips; 
(2) and one, three, and five percent hydrochloric acid dips. 
me solvents employed were toluene and ethyl alcohol. Combinations 
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of first toluene or ethyl alcohol and then sodium carbonate, hot 
lye, or hydrochloric acid dips were tried. In every case after using 
a dip, the berries were rinsed in cold water. Duplicate sets of 
dipped cranberries were made, but these were also subjected to a 
thirty second steam blanch. The blanch time was determined by a 
series of tests using blanching times of from ten to forty seconds. 
The effectiveness of the blanch was determined by the catalase test 
as described by Tressler and Evers (1936). The results are shown 
in table 3. 
All the cranberries treated by the above methods were de¬ 
hydrated at a temperature of 170° E (76.6°C) until their moisture 
content was five percent or less. 
Results 
Of the methods of pretreatment used, puncturing the skins 
or slicing the berries in half, both without the use of the steam 
blanch, allowed the most rapid dehydration of the cranberries. The 
sliced cranberries took seven and one-half to eight hours and the 
punctured cranberries ten and one-half to eleven hours to dehydrate 
as shown in table 1. 
The other methods of treatment without blanching failed 
to shorten the dehydration period. The fastest of these methods 
Table 3. The time of blanching necessary to inactivate 
catalase in cranberries 
Punctured Sliced in half 
Time 
in seconds 
Early Black Howe Early Black Howe 
10 +• 4- 4- +• 
20 4- 4* 4- + 
30 - - - - 
40 — — - — 
** Steam blanch used 
= enzyme active 
- = enzyme inactivated 
allowed the berries to dehydrate in eighteen hours. The results 
are shown in table 4. The lye dip did give partial success as 
far a.s accelerating the drying process. The heat of the solution 
split open from forty to eighty percent of the cranberries. The 
percent which were not split open still had to be dehydrated for 
at least eighteen hours. The berries which did split open, how¬ 
ever, were charred at the split by the lye and did not give a 
satisfactory product. 
The acid solution lightened and streaked the cranberries, 
showing that the acid, affected the color pigments. 
The blanching process did not work. The cranberries, due to 
differences in size, maturity, and other unknown factors did not re¬ 
act identically to the blanch. In most cases there was excessive 
loss due to some of the cranberries being overblanched. This free 
run juice would boil off through the openings in the trays, carry¬ 
ing some of the solids content. At the same time other cranberries 
on the same tray would not split and it took at least eighteen 
hours to dehydrate them. The percent of unsplit cranberries ran as 
high as ten percent on some trays but accurate data could not be 
obtained because of the large variations in the different batches. 
Dehydration of Cranberries Previously Frozen 
Method 
Fresh cranberries were frozen in bulk in two quart home 
Table 4 . Dehydration time of cranberries for the 
different methods of pretreatment. 
Method Time in hours 
Puncturing whole 
cranberries 
10 1/2 - 11 
Slicing 71/2-8 
Blanching 18 (minimum) 
* 1, 3, and 5 percent 
Sodium carbonate 
dips 
it ii 
* 1, 3, and 5 percent 
H Cl dips ti ii 
*1,3, and 5 percent 
hot lye dips ii ii 
* Toluene dip ii ii 
* Ethyl alcohol dip ti ii 
* Combinations of above dips with steam blanching took 18 
hours minimum dehydration 
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type glass jars hermetically sealed with a rubier ring. They were 
stored for one month. The cranberries were then thawed, sliced or 
punctured, and dehydrated at 170° F (76.6°C). 
This method was used because a large portion of each year’s 
crop is frozen after being picked. It is a method of keeping the 
berries in good condition until they can be processed and canned as 
sauce. As mentioned in the introduction, the freezing of cranberries 
this last year has not been on as large a scale due to the lack of 
storage space. (Anonymous (1942) 
Results 
When the frozen berries were thawed they were softer than the 
fresh berry. This was especially true of the Early Black variety. 
The softness of the berries made it more difficult to run them through 
the cranberry puncher. A certain amount of loss of juice was encoun¬ 
tered. The dehydration time, however, was the same as for the fresh 
cranberries shown in table 1. 
The rehydrative powers of the cranberries were not so 
great as for the fresh dehydrated cranberries. A definite weight of 
dried berries were placed in water at 104 F (40°C) for one hour. 
They were removed from the water, dried with a towel to remove any 
excess water and weighed. The results were not very consistent, 
but on the average the rehydrated cranberries were approximately 
thirty-five to forty-four percent of the fresh weight. 
-15- 
QrganftLeptic Tests of Dried Cranberries 
Equal weights of three samples of cranberries, namely, 
punctured, sliced, and frozen, — all dehydrated at 170°E (76.6° C) 
and stored for five months were rehydrated for twenty-four hours. 
The excess water not absorbed by the cranberries was used in making 
the cranberry sauce. One-third of a pound of sugar was added to one- 
half cup of water from the liquid used to rehydrate the cranberries. 
The solution was brought to a boil and one-third of a quart of rehydra¬ 
ted cranberries was added. The mixture was allowed to boil for four 
to five minutes in a covered vessel and then was filled into one-half 
pint glass jars. This type of sauce was made from each of the above 
mentioned dried cranberries. 
The cranberries were compared for color, odor, and flavor. 
He suits 
There was little difference between the three samples. 
\ 
The punctured whole cranberries kept their shape, but were slightly 
danker in color. The sliced and frozen dehydrated cranberries 
were about the same in color. The odor of all three were about 
the same, as was the flavor. 
The flavor was not as pronounced as that of a cranberry 
sauce made from fresh cranberries. The product, however, was edible 
and had a distinct cranberry flavor. 
-16- 
Stability of Ascorbic Acid during the Dehydration and 
Storage of Dehydrated Cranberries. 
Method 
The method used for the determination of vitamin C in both 
the fresh and the dried cranberries was that of Kirk and Tpessler 
(1939). The method consists of the use of an electrometic titrime- 
ter with 2,6-dichlorophenolindophenol dye which has a high specificity 
for reduction by vitamin C. The electrometric titrimeter used was 
a Beckmen pH meter with calomel and glass electrodes. The extract¬ 
ant for vitamin C was a two percent metaphosphoric acid, five per¬ 
cent sulfuric acid mixture suggested by Mack and Tressler (1937). 
The standardization of the dye was accomplished by titrating di¬ 
recting with known amounts of ascorbic acid. 
Determinations were made on the fresh cranberries, the de¬ 
hydrated cranberries and the stored dehydrated cranberries. The 
cranberries were stored at room temperature 71.6°F (22°C) in 
sealed home type glass jars and in cheese cloth bags to allow 
free access of air. Both were kept in the dark. The determina¬ 
tions on the dried cranberries were made every month for six 
months. The cranberries used were whole, punctured, unblanched 
berries dried at 170° F for ten and one-half hours. 
The American Cranberry Exchange (1941) reported that the 
cranberry has 88 percent moisture. The dehydrated cranberries had 
-17- 
an average moisture content of 4.5 percent as determined by the 
immiscible solvent distillation method. The conversion factor from 
the vitamin C content of fresh cranberries to dry cranberries is 
100-88 or .1256. 
100-4.5 
Results 
The vitamin C content of the fresh Howe was .110 to .142 
milligrams per gram with an average of .1250 milligrams of ascorbic 
acid per gram. Using the conversion factor .1256, the theoretical 
yield of vitamin C in dried Howes was .995 milligrams per gram. 
The vitamin C content of fresh Early Blacks was .1073 milli¬ 
grams per gram. Using the conversion factor .1256, the theoretical 
amount of vitamin C in the dried Early Blacks was .845 milligrams per 
gram. All percent loss figures used the above computed figures as a 
basis. 
On dehydration the cranberries lost an average of 54 to 
55 percent of the vitamin C. On storage nearly all of the vitamin 
C in the dried cranberries was lost in the sealed containers. In 
the dried cranberries exposed to the air all of the vitamin C was 
lost. Results are shown in table 5. 
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Package Requirements of Dehydrated. Cranberries. 
Method 
Very little work was done on this subject. The cranberries 
were punctured and dried at 170° F (76.6°C) at fifteen percent humid¬ 
ity, and were packaged in the three types of packages. Hermetically 
sealed home type glass jars, #1 Flav-O-tainer bags, and cheese cloth 
containers were used. The Flav-O-tainer bags are one type of the 
moisture proof paper bags now on the market. They are made of two 
bags, one within the other. The outer layer is of paper. The inner 
layer or section is moisture proof cellophane. The bag has a heat 
sealing compound inside which forms a tight seal when heat and pres- 
x 
sure are applied. 
The dried product was stored in these containers at room 
temperature which averaged 22°C (71.6JF); 28°C (82.4kF); and above 
40°C (104°F). The temperature of the high temperature storage could 
not be controlled as it had no thermostatic control. The temperature 
varied from 40° to 60°C (104° to 140° F). 
Results 
After six months storage there was little or no increase in 
the moisture content of the cranberries stored in the glass jars and 
moisture proof bags at any of the temperatures. The moisture con¬ 
tent stayed between four and five percent as shown in table 7. 
T
a
b
le
 
7
 
.
 
M
o
is
tu
r
e
 
c
o
n
t
e
n
t
 
o
f
 
d
r
ie
d
 
c
r
a
n
b
e
r
r
ie
s
 
s
t
o
r
e
d
 
i
n
 
s
e
a
le
d
 
c
o
n
t
a
i
n
e
r
s
. 
0 
«H 
o 
o 
p 
Ph 
0 
p 
0 
s 
•n> 
0 
0 
P 
rH 
CiJ 
o 
o 
0 
H-> 
P 
o 
o 
0 
P 
0 
4-> 
P 
$S 
(D 
EH 
0 
op $ 
^ H I 0) 
© P P 
<d o n o {> f-i 
o © 
.oPH 1 m 
<*} 0 0 
-HP 
O 0 
21 -P 
a> 
03 
P 
i © 
P p 
-p n o 
P 
00 © 
cm o © 
p p 
<D 0 
Ph -p 
03 
•H 
o 
2: 
-+J 
p 
a) a> 
•H 
O 
2: 
0 
03 
P 
1 0 
4^> fH O 
^00 
OP 
<D P P 
> 0 -P 
O Ph ® 
,Q *H 
<rf O 
2J 
0 
0 
P 
I 0 
P P 
+3 H o 
p 
00 © 
CM © © 
p p 
© 0 
PH -P 
0 
•H 
O 
0 
03 
P 
I © 
P P 
+> M O 
P 
0 
CM p © 
CM P M 
y 0 0 
PH -p 
0 
•H 
O 
S 
LO 
03 
s 
H* 
rH 
03 o LO 
• • • 
LO 
CM 00 LO 
to 
• • « 
CM o 
• • • 
CM 
p 
•H 0 
,P 
0 -P 
3 P 
•H O 
eh a 
o 
r- 
o 
CM 
o 
CM 
o 
CM 
rH o 
o 
CM 
o 
rH 
CO 00 
o 
CO 
LO 
LQ o CO CO 
LO r- to to to 
• . • • • • • 
0 p 0 
H-> 
0 
0 
& 1 
p 
0 
p 
CM 
• 
CM 
• 
rH 
* 
01 
• 
CO 
• 
•rH 
o 
a 
0 
0 
p 0 CM CM rH CM CO 
2: eh 1—1 0 
IQ to to 
LO 
10 to 
10 
to 
• • • • • » 
H1 
H 
H 
0 CO rH LO LO 
LO lO IQ 10 LO LO 
• • • • • • 
H1 
rH 
H 
LO 
1—1 to CM 03 LO 
LO LO LO LO LO 
• • • • • • 
sF 
0- o- H C^- 
• • • • • 
0 0 rH rH O O 
CO 00 LO CO CO 
LO LO LO LO LO LO 
• • • • • • 
H1 
CM CO IQ 
-19- 
The cranberries stored at these temperatures in the cheese 
cloth containers showed a steady increase in moisture content. The 
higher the temperature, the greater was the increase in moisture con¬ 
tent. The results are shown in table 6. 
The cranberries stored at these temperatures in the moisture 
proof containers were rehydrated by soaking a definite weight of cran¬ 
berries in water at 104°F (40°C) for one hour in an attempt to see 
the effect of storage temperature on rehydrative powers. After one 
hour the cranberries were dried in a towel to remove the excess 
water and weighed. From several different rehydration attempts the 
results obtained are shown in table 8. The amount of rehydration 
is somewhat lower for berries dried at the highest tempera.ture. 
Mushrooms 
Raw Materials 
The variety of mushroom used in this investigation was the 
Agaricus campestris, the type of cultivated commercially in the 
United States. 
Dehydration of Mushrooms 
Preparation of the samples for dehydration and the determina¬ 
tion of the optimum time, temperature and humidity. 
Methods 
The mushrooms were first washed with cold water until thorough- 
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Table 8. One hour rehydration of dehydrated cranberries 
Percent rehydration of whole punctured cranberries. 
Storage temperature Early Black Howe 
71.6°F 
(22°C) 42 42 
/ 
80.4°F 
(28°C) 44 42 
104°F4- 
(40°C+) 25 26 
** Percent rehydration based on the weight of fresh fruits. 
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ly clean. They were then left whole, sliced or cut into tri¬ 
angular pieces using the stem as the center of cutting. The 
small mushrooms or buttons were cut into four pieces, the medium 
and large mushrooms into six, eight or ten pieces. The cuts were 
made so as to keep the weight of the individual pieces approxi¬ 
mately the same. This was necessary as the mushrooms were not 
packed fresh according 'to size. The stems were cut off at the 
base. If the stems were soft or woody, they were discarded, but 
if they were firm, they were sliced and dried with the rest of 
the mushroom. 
For pretreatment to the dehydration process, the mush¬ 
rooms were immersed for at least five minutes in various solutions. 
The time of immersion was to allow the solutions time to act, and 
help prevent darkening of the mushrooms upon dehydration and stor¬ 
age. The solutions v/ere: (l) three percent salt; (2) three per¬ 
cent salt and one percent hydrochloric acid; (3) three percent 
sodium carbonate; (4) one, two, and three percent citric acid so¬ 
lutions. The mushrooms were also treated with sulfur dioxide. 
One sample of mushrooms was dehydrated without any treatment other 
than the cleaning. 
With each treatment one batch was dehydrated unblanched, 
and a second batch was blanched. The blanch consisted of steam¬ 
ing the mushrooms at 212°F (100°C) for two minutes, fifteen seconds 
to inactivate the enzymes. 
The blanch time was determined by steaming samples of mush- 
-21- 
rooms from fifteen seconds to three minutes, forty-five seconds 
at fifteen second intervals. The blanch time necessary was the 
least blanch period necessary with an allowance of fifteen seconds 
for a safety factor to inactivate the enzyme catalase. The quali¬ 
tative catalase test given by Tressler and Evers (1936) was used. 
The results are shown in table 9. 
A series of samples of unblanched and blanched mushrooms 
were dehydrated at temperatures ranging from 130° E to 170° E 
(54.4° C to 76..6° C) at intervals of 5°E. The optimum tempera¬ 
ture determined from dehydration time and organileptic tests was run 
at humidities of fifteen, twenty-five, and thirty-five percent. All 
mushrooms were brought to a five percent moisture level. Artificial 
means were used to raise the humidity to thirty-five percent. A 
vessel with water was placed in back of the circulating fan. 
Using the optimum temperature and humidity determined as 
above, the different types of treated and untreated mushrooms were 
dehydrated. 
Results 
The blanch time necessary was determined to be two minutes, 
fifteen seconds for buttons and pieces, three minutes, thirty seconds 
for the larger mushrooms. Table 9 gives the results obtained. 
Erom organileptic tests it was determined that mushrooms 
Table 9 Blanch time for mushrooms 
Whole mushroom 
Time in Large to Medium Button Pieces 
seconds 
15 
50 
45 
60 
75 
90 
105 
120 
155 
150 
165 
180 
195 
210 
225 
** Catalase test used as indicator 
-22- 
shouLd not be dehydrated above 150° F (65.5° C). Mushrooms 
dehydrated above 150° F in the type of dehydrator used in this 
investigation tasted burnt. The best temperature to use was 
145° to 150° F (62.75° to 65.5° 0) for this type of dehydration. At 
this temperature the shortest drying period, seven hours for pieces, 
sixteen to twenty hours for whole mushrooms, was attained. The tem¬ 
perature used and the times it took at the range of temperatures to 
dehydrate the mushroom pieces are shown in table 10. Whole mush¬ 
rooms varied in dehydration time according to size and no accurate 
data could be taken. The minimum dehydration time for buttons at 
145° F - 150° F (62.75° - 65.5° C) was found to be sixteen hours. 
The dehydration time increased as the size of the mushrooms increased. 
Using the optimum temperature, mushrooms were dehydrated at 
the humidities mentioned in the methods. The lowest obtainable hu¬ 
midity, fifteen percent, was found to be the best humidity to use. 
The final product dehydrated in the dryer gave the same product for 
the same temperature, regardless of the humidity. The increase in 
humidity had no effect except to increase the dehydration time. The 
results are shown in table 11. 
The weight loss in the mushrooms was determined each hour 
for dehydration temperature of 145° - 150° F at a fifteen percent 
humidity. The results are expressed in percent moisture loss on 
the basis of the fresh product in table 12. 
The mushrooms which had the pretreatments with or without 
the blanch needed the same dehydration period to get to the five 
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Table 11. Humidity effect on dehydration time* 
Humidity Temperature °F Time hours 
15 
15 
25 
25 
35 
145 8-10 
150 
G
O
 
1
 
!>-
 
145 11-12 
150 loi- n 
145 15 
150 14 - 15 35 
Table 12. Percent weight loss on 
in the dehydration 145° 
humidity 
Time in hours 
the basis of fresh mushrooms 
- 150° F and 15 percent 
Percent loss of moisture 
per unit of fresh mushrooms 
0 
1 30.0 
2 48.0 
3 65.0 
4 75.0 
5. 80.0 
6 83.0 
7 85.0 
8 87.0 
** Average weight loss of moisture content of blanched mushrooms 
on fresh basis computed from 6 tests. 
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percent level. The results obtained from dehydrating the 
pretreated mushrooms at 145° - 150° F at the various humidities 
were the same as the results obtained in table 11. 
Organoleptic tests on the mushrooms. 
/ 
The mushroom pieces receiving the various pretreatments, de¬ 
hydrated, and stored for four months at 71,6° F (22° C) were rehydra¬ 
ted in water. They were then boiled in the same water until soft and 
tender. The different mushrooms were tested for flavor and appear¬ 
ance, with a comparison made with fresh boiled mushrooms. 
The blanched dehydrated mushrooms which received no other 
treatment and which were dehydrated at 145° - 150° F had the best 
flavor of the dehydrated products. The mushrooms which were pre¬ 
treated with a. one percent citric acid solution were second best 
in flavor. The unblanched dehydrated mushrooms were third in the 
order of flavor. The first two products compared favorably in 
v 
flavor with the fresh mushroom. 
The mushrooms pretreated with the two percent citric acid 
had a sour taste, while the mushrooms pretreated by the other 
methods lost a large part of their flavor. 
In appearance the mushrooms pretreated with the two per¬ 
cent citric acid were the lighest in color, being almost white. 
The one percent citric acid pretreatment gave the next best appear¬ 
ance with the blanched mushroom being third. The plain unblanched 
-24- 
mushroom was very dark. The other methods of pretreatment gave 
mushrooms which ran in appearance between the plain blanched mush¬ 
room and the plain unblanched mushroom. 
From the results obtained the best dehydrated mushroom is 
the plain blanched mushroom. 
Vitamin Retention Studies of Dried Mushrooms 
All determinations on the dried mushrooms were made on blanched 
mushrooms dried at 150° F (65.5° C). 
Thiamin 
Method 
The method used for the determination of the thiamin content 
of both the fresh and the dried mushrooms was the microbiological as¬ 
say of Williams, McMahan, and Eakin (1941) . 
This method depends upon the fact that the organism, Saccha- 
romyces cerevisiae “Old Process11 (O.P.) strain will grow in direct 
proportion to the amount of thiamin when the thiamin is present within 
limited amounts. The organism was obtained from the American Type 
Culture Collection, Georgetown University Medical School, Washington, 
D.C. 
The extraction of the thiamin from the mushroom was accom¬ 
plished by steaming the samples in 50 to 75 cubic centimeters of 
-25- 
water to which had been added a sodium acetate buffer to bring 
the pH to 4.7. 
The determination of the bacterial response to the thi¬ 
amin was made by measuring the turbidity produced in the culture 
\ 
media by the growth of the organism after 24 hours incubation at 
30° C. The turbidity produced by the growth of the organism in 
the unknown samples is compared against the turbidity produced 
by growth of the yeast in culture media containing known amounts 
of thiamin which is the standard curve. 
The mushrooms were tested for thiamin when fresh, after 
dehydration, and once a month for five months while in storage at 
71.6° F (22.0° C). 
Results 
Fresh mushrooms were found to contain 1.16 micrograms 
of thiamin per gram. This result agrees favorably with those 
obtained by Baker and Wright (1938) and Anderson (1942). An¬ 
derson reported 1.2 micrograms of thiamin per gram of fresh mush¬ 
room. The results on the thiamin content of the dehydrated mush¬ 
rooms after drying and in storage are given in table 13. The 
loss of thiamin is approximately eighteen percent from dehydra¬ 
tion and blanching. There appeared to be no loss of thiamin on 
storage. 
Table 13 . Thiamin content of mushrooms 
Time of storage 
in months 
Type of 
mushroom 
Micrograms 
per gram 
Percent 
loss 
0 Fresh 1.16 
0 Fresh (dry 
basis) 
10.66 
0 Dried 8.815 18.0 
1 Dried 8.80 18.1 
2 Dried 8.75 18.27 
3 Dried 8.83 17.90 
4 Dried 8.78 18.20 
5 Dried 8.75 18.27 
** Conversion factor from fresh to dry basis for determination 
of the percent loss was .1088. 
Fresh mushrooms have 89.5 percent moisture. The dried mush 
rooms had an average moist ore content of 3.3 percent. 
10.5 = .1088. 
96.7 
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IH~boflavin 
Method 
The microbiological assay method of Snell and Strong 
(1941) was used for the determination of the riboflavin content of 
the fresh and dried mushrooms. This determination depends on the 
growth of the organism, Lactobacillus caseie, to which riboflavin 
is an essential growth factor under specified conditions. The growth, 
within a limited range of riboflavin concentration, is directly pro¬ 
portional. to the amount of riboflavin present in the culture media. 
The organism was obtained from the American Type Culture Collection, 
Georgetown University Medical School, Washington, D.C., Serial 
#7469. Riboflavin is susceptible to light, therefore the mushrooms 
were protected from light as much as possible during the determina¬ 
tions . 
Extraction of the riboflavin from the samples was done by 
the acid ether method of Strong and Carpenter (1942). 
The measurement of the bacterial response to riboflavin in 
the culture media was made by titrating the amount of lactic acid pro¬ 
duced by the organism in a seventy-two hour incubation period at 
98.6° F (37° C). The amount of lactic acid produced is directly 
proportional to the growth of the organism and to the amount of ribo¬ 
flavin present. 
-27- 
The results were compared to a standard curve. This curve is the 
titration of the lactic acid produced by the organism to known amounts 
of riboflavin in the culture media. The riboflavin content of the 
fresh mushroom, the dried mushroom, and the dried mushroom in storage 
at 71.6 F (22.° C) was determined. 
An example of a standard curve is shown in graph 3. 
Results 
The fresh mushroom was found to contain 5.4 micrograms of 
riboflavin per gram. The loss of riboflavin in the dehydration pro¬ 
cess was two percent. There was no loss of riboflavin on storage. 
Table 14 shows the results obtained. 
Nicotinic Acid (Niacin) 
Method 
The Snell and Wright (1941) microbiological assay was used 
for the determination of the nicotinic acid content of both the fresh 
and the dried mushrooms. The organism used was Lactobacillus arabino- 
sus obtained from the American Type Culture Collection, Georgetown 
University Medical School, Washington, D. C. Lactobacillus arabino- 
sus will grow, under specified conditions and within a limited range 
of nicotinic acid content, in direct proportion to the amount of nico¬ 
tinic acid present in the culture media. The organism produces lac- 
-
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-
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-
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Table 14. Riboflavin Content of mushrooms 
Time of storage 
in months 
Type of 
mushrooms 
Micrograms 
per gram 
Percent 
loss 
0 Fresh 5.4 
0 Fresh (Dry 
basis) 
49.6 
0 Dried 49.0 1.29 
1 Dried 48.2 2.80 
2 Dried 50.0 - .80 
3 Dried 48.6 2.30 
4 Dried 49.3 .60 
5 Dried 48.0 3.20 , 
** Conversion factor .1088 
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tic acid in direct proportion to its growth and therefore to the 
amount of nicotinic acid present. 
The amount of lactic acid produced is measured after an 
incubation period of seventy-two hours at 86° F (30° C) by titration 
with 0.1 N sodium hydroxide. The results are plotted against a 
standard growth curve. The standard curve is the titration against 
lactic acid produced by the organism in culture media having known 
amounts of nicotinic acid. 
The extraction of nicotinic acid was accomplished by the sul¬ 
furic acid extraction method suggested by Cheldelin and Williams 
(1942). An example of a standard growth curve is shown in graph 4. 
Results 
The fresh mushrooms had 62 micrograms of nicotinic acid per 
gram. The loss of nicotinic acid in the dehydration period was ap¬ 
proximately twelve percent. There was little or no loss of nicotinic 
acid in the storage period. The results obtained are shown in 
table 15. 
Packaging of the dehydrated mushrooms for storage 
The dried mushrooms were packaged in hermetically sealed 
one quart home canning type glass jars and #1 Flav-O-tainer bags. 
The bags are made with a water proof, heat sealing liner. The 

Table 15. Nicotinic acid content of mushrooms. 
Time in storage Type of Micrograms Percent 
months mushroom per gram loss 
Fresh 62 0 
Fresh (Dry basis) 56S.9 0 
Dried 501 12.1 
Dried 506 11.8 
Dried 492 13.3 
Dried 497 12.7 3 
-29- 
dr led. mushrooms were stored at 71.6° F (22.° C), 82.4J F (28°C) 
and above 104° F (40° C) as were the cranberries. Moisture de¬ 
terminations were taken at one month intervals for four months. 
The stored dried mushrooms were then rehydrated and boiled to see 
if any off flavor had developed. 
Results 
The mushrooms stored in either the glass jars or Flav-0- 
tainer bags did not gain any moisture. The moisture content re¬ 
mained between 3.3 and 3.5 percent moisture. 
Upon being rehydrated and cooked, the mushrooms stored at the 
high temperature of 104° F (40° C) gave a slight off flavor. The 
flavor was tallowy indicating that some oxidation probably had oc¬ 
curred. There were no off flavors in the mushrooms stored at the tv/o 
lower temperatures. 
Cfoiick Frozen Mushrooms 
Study of Treatment for Freezing and Preventing Discoloration of 
Frozen Mushrooms 
Method 
The mushrooms were first thoroughly cleaned in cold water. 
Several methods were then applied prior to freezing. The mushrooms 
-30- 
were (l) treated with sulfur dioxide; (2) immersed for five min¬ 
utes in one, two, and three percent citric acid solutions; (3) im¬ 
mersed for five minutes in a two percent brine solution; (4) given no 
treatment other than cleaning. Duplicate samples were treated as 
above, blanched, cooled in cold water, drained, and frozen. Each 
method was done for whole and cut mushrooms. The blanch time for 
the cut pieces and buttons was two minutes, fifteen seconds, and for 
the large and medium mushrooms three minutes, thirty seconds. The 
blanch time necessary was determined previously. It was the same as 
for the dehydrated mushrooms and the blanch times were shown in 
table 9. 
Results 
The mushrooms which had been blanched we re superior in 
appearance. They were lighter in color than the unblanched mush¬ 
rooms. There vras a slight amount of darkening of all the mushrooms 
regardless of the blanch process. The blanched mushrooms, however, 
darkened less than the other samples. The unblanched packs continued 
to darken. There finally appealed an orange discoloration due to the 
enzymatic system which had not been inactivated. 
The mushrooms which had been treated with the citric acid 
solutions gained a yellowish tint which increased slightly with the 
storage. The yellowish tint was uniform and enhanced the appear- 
ance of the mushrooms. 
After storing for three months the mushrooms were thawed 
and "boiled in a small amount of water and tasted. The unblanched 
mushrooms were lacking in flavor. The "blanched mushrooms retained 
their flavor to a large extent. There was little difference in 
flavor "between the different "blanched mushrooms except in the case 
of the three percent citric acid pretreatment. The high acid gave 
a definite sour taste to the product. From the results of this ser¬ 
ies of tests it is evident that "blanching previous to freezing is 
necessary in order to avoid flavor changes. Dipping the. mushrooms 
previous to blanching in one or two percent citric acid improved the 
appearance of the frozen product and did not adversely affect the 
flavor. 
Study of the Packaging of Quick Frozen Mushrooms 
Methods 
Whole mushrooms were frozen dry in sealed one quart glass 
jars, two quart jars, and in open containers. The differences in net 
weight losses of the mushrooms were determined for a three month stor¬ 
age. 
Results 
The weight loss of the frozen mushrooms packaged in the sealed 
containers was approximately two percent. The mushrooms packaged in 
the open containers lost eight percent of their weight. In the 
glass containers moisture from the mushroom froze on the walls of 
the jar. The results obtained are shown in table 16. All weight 
losses can be attributed to dessication. 
Vitamin Retention 
Only mushrooms which had been blanched were investigated 
as previous work indicates that blanching is essential for success¬ 
ful freezing and storage of mushrooms. 
Thiamin in Cfriick Frozen Mushrooms 
Method 
The method used for the determination of thiamin was the same 
as that described previously (p.24 ) for thiamin in fresh and dried 
mushrooms. 
Results 
The thiamin content of the fresh mushroom was 1.16 micrograms 
per gram. Mushrooms which had been blanched and quick frozen had a 
thiamin content of 1.0 micrograms per gram. This showed a loss of 
fourteen, percent of the thiamin content on blanching and freezing. 
Upon storage for three months the loss of thiamin increased to seven- 
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teen percent showing a further loss of three percent for the 
storage period. The results of the determinations are shown in 
table 17. 
Riboflavin in Quick Frozen Mushrooms 
Method 
The same method as was used in the determination of ribo¬ 
flavin in dried mushrooms was used in this investigation. 
Results 
The riboflavin content of the fresh mushroom was 5.4 micro¬ 
grams per gram. The blanched quick frozen mushrooms had a riboflavin 
content of 5.2 micrograms per gram, showing a loss of 3.7 percent in 
the blanching and quick freezing. No further loss occurred on stor¬ 
age. The results of the determinations are shown in table 18. 
Nicotinic Acid in Quick Frozen Mushrooms 
Method 
The same method was used in this determination as was used 
for the dried mushrooms. 
Results 
The nicotinic acid content of the fresh mushrooms was 62 
Table 17 Thiamin content of quick frozen mushrooms 
Time of storage Type of Micrograms Percent 
in months mushroom per gram loss 
Fresh 1.16 
Frozen 1.0 14.0 
Frozen 1.0 14.0 
Frozen 0.97 16.3 
Frozen 0.96 17.0 3 
Table 18 Riboflavin content of quick frozen mushrooms 
Time of storage 
in months 
0 
0 
1 
2 
Type of 
mushroom 
micrograms 
per gram 
Percent 
loss 
Fresh 5.4 
Frozen 5.2 3.7 
Frozen 5.17 4.44 
Frozen 5.22 3.33 
Fro z en 5.21 3.52 3 
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micrograms per gram. The blanched, quick-frozen mushrooms had a 
nicotinic acid content of 56.5 micrograms per gram. This showed 
a loss of 8.8 percent in nicotinic acid content in the blanching and 
freezing process. No further loss occurred on storage. The results 
are shown in table 19. 
DISCUSSION CF RESULTS 
Cranberries 
The technique in the dehydration of the cranberries did 
not differ greatly from that described by Isham and Fellers (1933). 
The method which produced the best quality dried product in the 
shortest dehydration period was selected. This consisted of slic¬ 
ing the unblanche.d cranberries and drying at a temperature of 170° F 
and fifteen percent humidity for seven and one-half to eight hours. 
The method varies from that employed by the J. D. Makepiece Company 
of Wareham, Mass., only in that the cranberries are sliced instead 
of punctured. The punctured whole fruit requires ten and one-half 
to eleven hours to dry. The dehydrated sliced cranberries when 
made into sauce closely resemble the sauce made from the whole 
fruit. It is apparent, therefore, that slicing the fruit instead 
of puncturing can lower the cost of dehydration and also increase 
Table 19. Nicotintc acid content of quick frozen mushrooms 
Time of storage Condition of Micrograms Percent 
in months mushrooms per gram loss 
0 i Fresh 62 0 
0 Frozen 56.5 8.8 
1 Frozen 56.3 9.2 
2 Frozen 56.6 8.7 
3 Frozen 56.3 8.7 
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the daily capacity of a dehydrator without changing the final 
product noticeably. 
The investigation on the dehydration of frozen cranberries 
has shown that the method is practical, frozen cranberries can be 
thawed, sliced, and dehydrated. The cranberries, when made into 
sauce, give a light colored product which is comparable to a sauce 
made from a dehydrated cranberry. 
Both sauces are extremely edible. 
fifty-five percent of the vitamin C content of cranberries 
is lost in the dehydration process. As stated in the review of 
literature, both Bogoluibova (1931) and Isham and fellers (1942) 
stated that dehydration destroyed the vitamin C content of cran¬ 
berries. The difference between the results obtained in this investi¬ 
gation and those reported by the above workers might be due to the 
temperatures used or to other unknown factors. 
Storage of the dried cranberries in air completely destroyed 
all the vitamin C within four months. Storage, at 71.6° f (22°C) 
for six months of the dried cranberries in sealed containers re¬ 
sulted in almost complete destruction of the vitamin C content of 
the berries. 
There was a difference of the vitamin C content of the two 
varieties of cranberries investigated. The Howe variety had 0.0177 
milligrams of ascorbic acid per gram of berries more than the Early 
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Black. Tne difference in the amount of vitamin C did not influence 
the percent loss in dehydration and storage. Both varieties lost 
the same percent of their ascorbic acid content under identical con¬ 
ditions of treatment. 
The packaging requirements for the storage of dried cran¬ 
berries are that the containers he moisture proof and capable of 
being sealed. Otherwise in a five month storage period the moisture 
content of the berries may increase as much as 200 percent. If sealed 
in moisture proof containers, the moisture content of the berries 
should not increase over ten percent. 
Dehydration of Mushrooms and Vitamin Retention 
Commercially cultivated mushrooms, Agaricus campestris, 
can be successfully dehydrated so that on rehydration and cooking 
they will compare favorably in flavor and appearance with freshly 
cooked mushrooms. The method for treatment and dehydration is: the 
mushrooms should be thoroughly cleaned in cold water, cut into pieces, 
buttons into four, medium and large mushrooms into six, eight or ten 
pieces; blanched in steam for two minutes, fifteen seconds; and de¬ 
hydrated at 145° - 150° P at fifteen percent humidity for seven to 
eight hours. 
To retain their flavor the mushrooms should not be stored at 
temperatures exceeding 100° P. The high storage temperature will 
allow a tallowy flavor to appear in the mushroom. 
A moisture proof container capable of being sealed is suf¬ 
ficient for the storage of dried mushrooms. There is little or no in¬ 
crease in the moisture content of mushrooms stored in such a container. 
The flavor is retained even after several months storage. 
Fresh mushrooms are an excellent source of riboflavin and ni¬ 
cotinic acid. Dehydration and storage of mushrooms causes little or 
no loss in riboflavin content and only a small amount, (twelve per¬ 
cent), of nicotinic acid content. Dehydration of mushrooms is an 
excellent method of preserving these essential vitamins at the same 
time that the food is being preserved. 
The thiamin content of fresh mushrooms is low, but it is 
approximately the same as that of most vegetables. On dehydration 
the loss of thiamin in the mushrooms was eighteen percent, but no 
further loss occurred on storage. Although the thiamin content is 
^ not high, the mushrooms retained the greatest part of that content 
during the blanching and dehydration processes. No further loss 
was encountered on storage of the mushrooms for five months. 
Freezing of Mushrooms and Vitamin Retention 
The mushroom can also be successfully quick-frozen. They 
can, in contrast to dried mushrooms, be frozen in large pieces or 
as whole mushrooms. The mushrooms should be cleaned in cold water, 
steam blanched, pieces and buttons two minutes, fifteen seconds, medium 
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and large mushrooms three minutes,thirty seconds; cooled in cold 
water, drained fifteen to twenty minutes and frozen. To enhance 
the appearance of the frozen product by giving it a creamy yellow¬ 
ish tint, the mushrooms should be immersed previous to blanching for 
about five minutes in not over a two percent citric acid solution. 
The quick frozen mushrooms must be stored in moisture 
proof, sealed containers. Otherwise excessive dessication occurs. 
In storage for three.months, the mushrooms lost 2.8 percent moisture 
when stored in sealed containers. In open containers the mushrooms 
lost over 8 percent moisture for the same storage period. 
The retention of thiamin, riboflavin, and nicotinic acid 
in the frozen mushrooms was good. Blanching and freezing of mush¬ 
rooms caused a loss of 14 percent of B^, and 4 percent of B0. 
These losses agree favorably with the percent loss of thiamin and 
riboflavin in blanched frozen green snap beans reported by Farrell 
and Fellers (1942) and the percent loss of B-^ in asparagus and Bp 
in asparagus, peas, and spinach reported by Fellers, Esselen, and 
Fitzgerald (1940). 
There was as stated previously no further loss of these 
vitamins in frozen mushrooms on storage. 
The two methods of preservation, dehydration and quick- 
freezing, of mushrooms are practical means of keeping the surplus 
mushrooms grown from being lost. Not only do these methods pre- 
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serve the mushroom, but they destroy only a small percent of 
the thiamin, riboflavin, and nicotinic acid content of the mush¬ 
rooms. Both methods give comparable results. 
The retention of this nutritive value is a strong factor 
in favor of using one of these means of preserva,tion* 
CONCLUSIONS AND SUMMARY 
1* The pretreatment to dehydration and the optimum time, tempera¬ 
ture and humidity for dehydration was determined for fresh 
and frozen cranberries. It was found that fresh cranberries 
should be sliced and dehydrated for seven and one-half to 
eight hours at 170° F (76.6° C) and fifteen percent humidity. 
Frozen cranberries should be thawed and sliced and then de- 
hydrated at 170° F (76.6° C) and fifteen percent humidity. 
2. Fifty-four to fifty-five percent of the vitamin C of the cran¬ 
berries is destroyed in the dehydration process. Practically 
all of the vitamin C in dried cranberries when stored in 
sealed containers is destroyed in six months. All the vita¬ 
min C in dried cranberries is destroyed in four months 
storage in open containers. 
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3. The use of moisture proof, sealed containers was found neces¬ 
sary to keep the moisture content of the dried cranberries 
below a five percent level. 
4. The pretreatment to dehydration and the optimum temperature, 
time and humidity of dehydration for fresh mushrooms was 
determined. The mushrooms should be cut into pieces, but¬ 
tons into four pieces, medium and large mushrooms into six, 
eight or ten pieces depending on their size; steam blanched 
for two minutes, fifteen seconds; and dehydrated for seven 
and one-half to eight hours at 150° F (65.5° C) at fifteen 
percent humidity. 
5. The dried mushrooms should be stored in sealed moisture proof con¬ 
tainers at a temperature not above 100° F (37.7° C). 
6. Steam blanching and dehydration destroyed eighteen percent of 
the thiamin content, two percent of the riboflavin content, 
and twelve percent of the nicotinic acid content of the 
mushrooms. 
7. A method of pretreatment of mushrooms prior to freezing was 
determined. The mushrooms, pieces or whole, should be 
-41- 
dipped for five minutes in not over a two percent citric 
acid solution; steam blanched for two minutes., fifteen 
seconds for pieces and buttons, three minutes, thirty- 
seconds for medium and large mushrooms; cooled in cold 
water, drained for a minimum of fifteen minutes, and 
frozen. 
8. The quick-frozen mushrooms should be stored in moisture proof, 
sealed containers to prevent dessication. 
9. Steam blanching and freezing destroyed fourteen percent of the 
th.ia.min, four percent of the riboflavin, and nine percent 
of the nicotinic acid content of mushrooms. 
-42- 
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